The demographic responses to severe weather by toplevel predators, including birds of prey, are underreported and/or unknown. Severe storms are predicted by climate change models to increase globally and in frequency into the 22 nd century. In April 2018, a population of breeding Cooper's hawks (Accipiter cooperii) in central Wisconsin, USA, experienced three days of heavy snowfall in the most severe storm, in preincubationstage, for 39 years . Here I report select demographic outcomes of this nesting population following this intense weather. The median hatching date of 10 June in 2018 was the sixth latest such metric in those 39 years (and the latest in 22 years since 1996) for this population, which has advanced its breeding schedule about 1.3 days/decade due to climate change or warming. Survival of a total of 16 colormarked breeding adults, 15 males and 1 female, observed prestorm in the nesting areas, was 100% up through the late nestling stage in the same nesting areas where these birds were initially detected in 2018. Average clutch size (4.4 eggs/nest) and average brood size (4.0 young/ nest) were similar to the overall average annual metrics of these demographics for this population in the earlier 38 study years. Nest success, whereby 95% of 21 nests with eggs produced advancedaged young, was higher in 2018 than the overall average of 77% nest success rate during the earlier years. The later timing of hatching in 2018, likely due to the severe spring snowstorm, appeared to have no deleterious effects either on survival of the breeding adults or on the reproductive output of this healthy study population. Treecanopy prey may have served as important alternative food for this typically groundforaging raptor in 2018.
Introduction
Future climatechange scenarios predict that storm events, including low temperatures, tornados, hail, and high amounts of precipitation will increase in severity and globally in many areas, including the western Great Lakes region of North America (Serbin & Kucharik 2009 , Wellicome et al. 2014 , USGCRP 2017 . Our knowledge of the consequences of recent climate change including adverse weather on wildlife are limited (Hunter et al. 2010 , Franke et al. 2013 , Anctil et al. 2014 , although some information is available for some wellstudied Arctic species (e.g., geese [Dickey et al. 2008] , seabirds [Gaston et al. 2005] , and polar bears [Ursus maritumus; Stirling & Derocher 2012] ). Moreover, some bird groups such as raptors have received much less attention than others regarding their response to adverse weather (Møller et al. 2010) . Similarly, discussions of conservation of raptor species in two recent review papers (Newton et al. 2016 , McClure et al. 2018 ) did not address the threat of climate change and/or adverse weather to raptor populations.
Precipitation, usually in the form of rain, is an important, if not primary component of severe weather which often adversely influences breeding success of avian species (Lõhmus 2003) . Periods of intense and/or prolonged rain or snow, especially early in the breeding season, increase the risk of egg loss and hypothermia for the young, and degrade hunting conditions for adults in part by reducing food availability (e.g, prey species are often inactive during stormy weather and thus difficult to detect; Krüger 2004 , Whelan et al. 2017 . Intense poor weather also increases the risk of predation and starvation for stressed adults (Rodriguez & Bustamante 2003 , Krüger 2004 , Franke et al. 2013 , Whelan et al. 2017 . Poor spring weather can cause nest abandonment and reduce overall reproductive success of birds, including birds of prey (Whelan et al. 2017) .
In response to recent and rapid climate change, especially warming spring temperatures, Wisconsin Cooper's hawks in the Great Lakes region have advanced their egglaying on average by about 4-5 days during 1980-2015, concordant with advanced spring phenologies of 55 Wisconsin species of plants and migratory songbirds (Rosenfield et al 2016) . Notably, some of these birds, including particularly the ground foraging American robin (Turdus migratorius), are primary prey of this raptor especially during the preincubation period (Bradley et al. 1999 , Rosenfield et al. 2016 . It is conceivable that some of these phenological advancements may create a mismatch between the tim-ing of (reduced) availability of prey and optimal brood rearing time for Cooper's hawks with consequential deleterious effects on their production and other demographics (Wellicome et al. 2014 , Whelan et al. 2017 . However, there have been no adverse effects on the average, relatively high and stable reproductive indices of this population of Cooper's hawks during the 36year period (Rosenfield et al. 2016) .
That said, the study area experienced a severe spring storm during 14-16 April 2018 (defined as ≥ 3 days of consecutive heavy precipitation [sensu Anctil et al. 2014] ), which included 508 mm of snowfall (including 76 mm of rain), with about 381 mm of snow on the ground for four days during 15-18 April (National Climatic Data Center website; see Fig. 1 ). Cooper's hawks are a partially migratory species in Wisconsin (i.e. some birds are present yearround, even at nesting sites), and most breeding birds are at their nesting sites for about 1-3 weeks prior to midApril. Earliest nesting pairs in many years will begin laying eggs around 20 April (Rosenfield 2018) . Combined snow and rainfall during 14-16 April 2018 averaged about 10× higher (range = 3-62×) than any other 3day maximum amount of combined snow and rainfall in April during the preceding 38 study years. The average number of days with ground snow cover in April during 1980-2017 was 1.2 days (there were 20 days of snow cover in April 2018); and the average amount of daily snow depth on the ground in April during 1980-2017 was ≤ 25 mm (National Climatic Data Center website).
Wisconsin Cooper's hawks are principally ground foraging predators, and snow cover may limit access to grounddwelling prey, which includes songbirds, the mourning dove (Zenaida macroura), and small mammals (especially eastern chipmunks, Tamias striatus). Availability of such prey may trigger egglaying in Wisconsin Cooper's hawks (Rosenfield et al. 2016 ). The intense spring storm in 2018 precluded for the first time in 39 years my travel to my Cooper's hawk study nests because virtually all roads (and landscapes) became impassable with deep, wet snow for four days following the storm in and around Stevens Point, Wisconsin (Fig.  1 ). This city is my residence and the geographic center of my midWisconsin study area. Notably, during about two weeks following this storm, unsolicited communication with the general public about their detections of 'high numbers' of dead birds in my study area demonstrated local concern about the possible population effects of this 'historic' storm.
My objective was to document the breeding phenology and reproductive success of the study population in the storm's aftermath, in addition to the nesting season survival of marked adults observed at their breeding sites 5-15 days prior to this severe April weather. Although I place some of my results in the ecological context based on analyses of similar, longterm demographics from this study population (Rosenfield et al. 2016, R.N. Rosenfield, unpubl. data) , I highlight that this study population had never experienced in the pre-vious 38 years spring weather as severe as that in April 2018, and so I was hesitant to predict what, demographically, to expect poststorm. Regardless, my findings are relevant to depicting how a breeding raptor population contends with severe weather, as stochastic events are projected by climate change models to be a more frequent phenomenon into the 22 nd century (USGCRP 2017).
Methods
I studied breeding Cooper's hawks during 1980-2018 in central Wisconsin, as described in Rosenfield (2018) and Rosenfield et al. (1995) . My study area included the rural environments of Portage County and within the same county the abutting municipalities of Stevens Point, Whiting and Plover, with a predominately urban population of about 38,000, and a human density of about 600/km 2 (US Census Bureau 2000) .
Each year I find > 90% of nests before egglaying by listening for dawn vocalizations or by searching for partially constructed nests during the preincubation stage, about midMarch through late April (Rosenfield 2018 ); all nests analyzed for 2018 were found prior to the April storm. I am thus able to examine productivity without adjusting for the biases that might have resulted from excluding breeding attempts that failed prior to discovery (Rosenfield et al. 2000) .
I made at least two visits to nests to assess reproduction. One visit included climbing to nests during the midincubation period (about midMay) to obtain completed clutch counts, and another climb about midJune when nestlings were about 18 days of age, or about 70% of fledgling age, to ascertain brood size and nestling age, and band the young in the nests. This schedule avoided the criterion of 80% fledgling age suggested for other raptor species, an age at which visits could result in premature fledging of some nestlings and/or inaccurate brood counts of Cooper's hawk young (Rosenfield et al. 2007 ). I report average brood counts (± standard error) for successful nests in 2018, which are defined as those in which at least one young reached ≥ 18 days of age (Rosenfield et al. 2016) . Hatching dates per nest were determined by backdating from estimated nestling ages of the oldest chicks based on plumage development (Rosenfield et al. 2016) . I report the median hatching date for successful nests in 2018; I use the median because it is less sensitive to outliers which could skew results (Rosenfield et al. 2016) . Nest success was the proportion of occupied nests that were successful (an occupied nest is one in which eggs were laid). 
JA Roth
I identified 15 males and 1 female (she was paired with one of the 15 males) in the nesting areas before the 14-16 April storm by sighting their colored, unique alphanumeric coded leg bands using binoculars or a spotting scope. I defined a nesting area as a nest centered plot of 800 m in diameter which was occupied by a breeding adult in one or more years (this metric is the median internest distance between breeding pairs in our Wisconsin study areas; Rosenfield et al. 2016) . Survival of marked individuals after the storm was verified by resightings or recaptures in nesting areas during the nestling stage. Breeding adults are initially marked (and retrapped in later years) when captured in mist nets with use of a live, decoy great horned owl (Bubo vir-ginianus; see details of trapping techniques in Rosenfield (2018) .
Results and discussion
I found 21 occupied nests, of which one failed at the egg stage in 2018; no adults were observed incubating eggs at any of these 21 nests prior to the April storm. The median hatch date for the remaining 20 successful Cooper's hawk nests was 10 June (range: 27 May-19 June), which was the sixth latest median hatch date in a breeding season for 39 years . The five later median hatch dates (of which 14 June 1982 was the latest) occurred during the first 17 years of the 39 year study, and thus 2018 was the latest median hatch date in the 22 years since 1996. During this period the average median hatch date was 5 June. Accentuating the later timing of hatching in 2018, the median hatching date for the study population advanced an average of 1.3 days/decade since 1980 in accord with climate warming in Wisconsin (Rosenfield et al. 2016, RNR, unpublished data) . The ~3week period between the earliest (27 May) and latest hatching date (19 June) of young at nests in 2018 is similar to the annual average 20day range between earliest and latest calendric timing of hatching at nests in the previous 38 years for the study population of Wisconsin Cooper's hawks (Rosenfield et al. 2016, RNR, unpublished data) .
Survival was complete for a total of 16 uniquely colormarked adult Cooper's hawks (15 males and 1 female, which includes one mated pair) identified in 15 nesting areas 5-15 days prior to the 14-16 April 2018 storm. All 16 birds were present until their young had reached at least 19 days of age in the nesting area where each adult was initially observed that year.
Reproductive output of Cooper's hawks in 2018 was on average similar to Wisconsin metrics for our study species in the previous 38 years (1980 -2017; Rosenfield et al. 2016 . In 2018, average clutch size at 21 nests was 4.4 ± 0.13 eggs (range 3-5), and average brood size at 20 successful nests was 4.0 ± 0.24 nestlings (range = 3-5). During 19802017, the overall average clutch count was 4.3 eggs/nest (range of annual averages = 3.9-4.8 eggs; n = 648 nests), and the average brood size per successful nest was 3.7 young (range of annual averages = 3.1-4.1 nestlings; n = 776 nests). Average clutch and brood sizes per successful nest have remained stable during these 38 years (Rosenfield et al. 2016, R.N. Rosenfield, unpubl. data) . Furthermore, these longterm metrics are among the highest such measures for any population of Cooper's hawks in North America (Rosenfield 2018) . Thus the later timing of hatching in 2018, most likely influenced by the severe spring storm, appeared to have no apparent deleterious effects on the productivity of our study population. Accentuating this conclusion, nest success during 2018 was 95%, which was higher than the overall average 77% (range = 57-93%) nest success rate in the previous 38 years (Rosenfield et al. 2000, RNR, unpublished data) . Moreover, the threeweek nesting period in 2018 was similar to the annual duration of three weeks for the nesting season in earlier decades (Rosenfield et al. 2016) . Notably, I have been unable to show in my multidecade studies that habitat (rural or urban, conifer plantation or nonplantation, presumptive site quality as indexed by consistency of nest area use, and high breeding density) is related to size of clutch or brood counts, nesting phenology, annual adult survival, and production of recruits, or fitness in Wisconsin Cooper's hawks (Rosenfield & Bielefeldt 1999 , Rosenfield et al. 2000 . Conceivably, the apparent high quality of various Wisconsin habitats for breeding Cooper's hawks could be related to a lessening of the impacts of severe weather.
Adequate amounts of prey were probably available to support in part the survival of adults and the high reproduction in our Wisconsin nesting areas despite the severe weather early in the 2018 breeding season. It is possible that alternative, nonground prey may have been important for the Cooper's hawks during the pre incubation period (they typically use shrub and ground dwelling prey). Indeed, I documented numerous feathers of pine siskins (Spinus pinus) at plucking posts (substrates where avian prey are delivered and plucked by adults) in 11 of the 21 nesting areas visited in April 2018. I had rarely detected feathers of pine siskins at plucking posts during the entire nesting season at Wis-consinwide nest sites prior to 2018 (Rosenfield 2018) . This songbird is a tree canopy species, but, unlike the American robin (a predominant prey species of Wisconsin Cooper's hawks especially during the preincubation period), the siskin will also use feeder stations (Dawson 1997) . Thus, the siskin's use of aboveground habitat may have provided an alternative prey resource for Cooper's hawks, given the ground snow cover in April 2018. Similarly, researchers in Florida reported a heavy reliance' by breeding male Cooper's hawks on nestling songbirds taken from tree canopy nests apparently due to low levels of ground prey (Millsap et al. 2013) .
Climate change models predict greater frequency of severe storms into the 22 nd century (USGCRP 2017), and so I urge raptor researchers to document in detail how birds of prey contend behaviorally and demographically with severe weather, as such responses by this group of birds are globally underreported and/or unknown (Anctil et al. 2014) . My study population of Wisconsin Cooper's hawks contended favorably in one breeding season to a single severe weather event, with high nest success and average indices for clutch and brood sizes, including high adult survival. However, these results stem from one population responding to a severe weather event in a single year. If climate projections are correct, similar breeding demographics across larger temporal and spatial scales could provide more insights into the population effects of future erratic weather on raptor species.
